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A. Mica~Bonded Metal and Ceramics

The bonding propgram was discontinuad in view of the re-application
of the work primarily towards elestrical requirements. Prior work in ihe
exploration of cermets indicated that, for machaning, the most desirable
materials consisted of metal powder and phlogopite mixtures, as the cermets
utilizing metal chips, wire, or woecl, although capable of being saved or
milled, were destroysd by conventional machining techniques susch as turning
cn the lathe, generally hy dragging out the metallic Strands. The phlogopite
pixtures involving silieon carbide were extremely abrasive and w¢ould not be
turned either by cutting tools or grinding wheels. Any furvher work in this
direction, shouid it again become of interest, would be directed primarily
towaid the phlogopite bonding of oxldes, earbides and nitrides chlefly for
abrasive or refrastory applications involving the development of a lower
melting-machinable phlogopite bond to aid in the noasolidation end fabrica-
tion of those ceramiec bodies which are diffiocult to handle oy econventional
teolmiques. This field appears to have a great <eal of potential and should
be studied more intensely. The metal-ceramic mixtures, as discussed last
month, are somewhat low in Strength although appreclably stronger than mica
itself. However, should machinable mica~-metal combinations be ¢f interest
or potential usefulness, there appears to be no great problem, from the

fabrication point of view, in producing these materials.



B. M¥Miza Production

On scaling up the size of bhatshes of mica (ecompact size) in the
m ot plant, it was noticed that increasing amounts of magnesium fluoride were
detected a3 an impurity in the mleca. Although the presenre of magnesium
fluoride in fluor-phlogopite appeared advantageous from the standpoint of
bonding metals and ceramics, i1t also appeared to contribute to mica contamina-
tion through reaction with dies and inserts as well as to spalling and dimon=
s8ional changes where hot pressing large bodies of the fluor-phlogopite. Con-
sequently, the factor of time was agrin evaluated in respect to the large
bateh ingredients which were more liable to contain MgF, to investigate means
of redusing thie impurity in order to producs on a larger scale the boetter~
grada slectrical micas.

The batch ingradients for produaing the four types of mica were
blended in stoichiometrie ratlio with a 5% excess of the fluorine dorating com=
pound and cold pressed at 5000 psi with subsequent firing at optimum tempera~
tures previously determined with periods of time up to five hours. The samples
were manually pulverized, screened through a 35 mesh Taylor screen, and analye
zed petrographically for mica content by the Bursau of Mines Electrotechnical
laboratory at Norris, Tennessee. The results of these tests are shown in
Table I

TABLIE I

TIME OF REACTIMH VS. COMPOSITICN FOR SINTHETIC FLUCR.-PHIOGC,ITZ

Time Temperature Approximate Compesition
a. Normal
1 hr. 1050°C. Mica ~ 50~60%
Qlass - 15-20%
Quartz - 5-10%
MgF, - 10-15%
2 hre. 1050°C. Mloa « 60%

Glass - 15.20%
VgF, ~ 10%
Quartz - 5%



Time Temperature Appraximate Compesitdon

3 hre. 1050°C, Mica ~ 70-75%
VgF, - 10%
Glass - 10-15%
Quartz ~ 2-3%

h h.rs. 1050.00 uica = 85"9%
Glass - 2-3%
¥gFy =~ 10%
Quartz -~ trace

S hrs. 1050°C. Mica ~ 95%
MgF, - 2-3%
Glass ~ 2%
Quartz - none

b. Boron

) nro 975°Co Mea ~ 50-70%
Glass - 30-50%
NgFa ~ ¢ 5%

2 hre. 975°C. Mica - 70-80%
Glass ~ 20-30%
MgF, - 2%

3 hrs. 975%C Mica ~ €95%
MgF, - <2%
Glass - trace
Forsterite -~ trace

4 hrs. 975°Co Mica - ¢98%
MgFs ~ trace
Forsterite - trace

5 hrse. 975°Co MWea - :"95%
Forsterite - £L%
Glass and MgO - 1.0%

¢, Barium-Lithiwm

1l iz 1050‘00 fica - 90,”:
Glass - €5%
MgF, ~ 3%
BaF, and BaSiOy -~ £2%

2 hrs. 1050°C, Mica - 95%
Glass «~ 2%
BaF, and BaSi0; ~ €27



TABIE I

(CONTINUED)
Time Temperature Aprroximate Compesition
3 hrs. 1050°C¢ M.ica - ) 98%

BaF, + BaSi0y - trace
Dark inclusicns - <1%

Ll hrg. 1U50°Co Mica. "') 95%
Dark ineclusions - 3%
Fluorides and others ~ trace

5 hrso lOSOOCo Mica - > 95%
Forsterite - l.(%
Glass = 1-2%

de Barium
1 hr. 1050°Co Mica ~ 70~ %

Ciass -~ 10%

MgFp - 5%

BaF, + BaSi0; - 10-25%
2 hree 1050°C, Mica -~ 80-90%

Glass - 5%

Fluorides - (5%

BaS10, + inclusions - 3%
3 hrs. 1050°C. Same as 2 hrs.
h hrs. 10500(}. " W
S hm. 1OSO°C0 1 H 1] L] n

From this data it can be seen that the boron and barium-lithium micc were the
most reactive, forming in less than three howrs. Of the four types of mica,
the beron and barium-lithium varieties showed a tendency to lose sufficient
fluorine to cause formation of forsterite in five hours. Hommally, fcrster~
ite is the major impurity found in mica rather than the flusrides which have
veen showing up in the low temperature reaction process used at the DBrush
Baryllium Company pilot —~lant.

To determine the effect of the diameter of the compact vs. the

reaction efficiency, the drizd batch ingredients fo: normal phlogepite mica



wore blended in a stoichiometric ratic using a 5% excess of Kz51Fg. The
reactants viere compacted at room temperature and 2500 psi in various diameter
molds, maintaining the diameter-length ratio of 0.75. Tha compacts were fired
for five hours after reaching a temperature of 1050°C.; with results as showm
in Table IT.
TABIE IT
SURFACE AREA EXPOSED VS. REACTIQN EFFICIENCY OF NORMAL MICA

Compact Compact Surface Area
Dismeter Height per_lb. in.2/1b.  Approximate Composition

1-1/2% 1.1 96 Mica ~ 85%
MgFa ~ 5%

Cristobalite -~ 07

2-1/L" 1. L6" 73 Mica ~ 85%
®lass - £5%
MgF- - <57
Quartz - <3%

Jnl/e" 2,3 L0 Mica .- 80%

MaT . Y10
g s e _sys0

Glzss ~ 5%
)4-1/2“ 36 ]_5" 32,9 Mica w 70%

Glass .- 10-15%

MgF, - 20%

6e O" Us T 22,2 Mica = T70-75%
Glass -~ 15-20%
MgFa ~ 107%

8-3/L" 601" 17.L Mica - 657/3_
MgFa - 25%
Glass -~ 5%

The mlca content progressively decreased with increases in diameter
of the compacte One supposition might be that of the excess of fluorine in
the form of K SiF, which may be causing the reaction of 5iF,, a decomposition
rroduct of K 5iFg to form magnesium fluoride by fluorination of UgFp. In the
larger compacts, there is less chance for the decomposition product 5iF, to

escapa; consequently, a much greater amoun®t of magnesium rluoride mey be



formed. It is also suspscted thet in nhandling laves 10L5 tuaroush tumbling,
the mixture 15 insufficiently mixed and the SiF, formed will be largely
utilized in attacking the magnesium oxlde, rather than as a combined reaction
for the formation of fluor-phlogopdite. It was, therefore, concluded that in
ordsr to make synthetic fluor~phlogopits mith large compacts by the low tem
perature 8olid phase method; the times and temperatures which have bheen sstab~
lished for small lote were satisfactory, but that very intimate biending and
possibly reduwction to K SiFg should be carried out. Poor blending as a cause
of Incomplete reaction was also indicated Ly the residual quartz in reaction
runs.

In order to determine the effect of blending on the reaction, these
experiments will be repeated next quarter, as far as the lsrge reaction com-
pacts are concermed, the blending to be performed in a2 newly installed twin
shelled blendery, thus attempting to eliminzte the variables caused by incon.

sistancies in bLlending efficiency.

C. Hot Pressing

Stnck blocks of boron and normal mica L-1/2" in diameter by 6°-11%
lang are being hot pressed to a density of 2,7 g/oc. It was formd that blocks
oonsisting of a seriss »f ecld pressed compacts L-1/2% in diameter by 3% high
which were stacked in a lamellar fashich in the hot pressing die covld he
pressed as a single piece 10" long, but upon cutting the cylinder lengitudirally
along its diameter, 1t cracked in the direction transverse to the axig o the
cylinder along the segment bowmdaries, Althcough this wouvld indicate that tho
method is unsatisfactory for making large pieces, it does show that a concider-
able vertical depth can be hot pressed at one time, allowing the hot press~
ed compact to be broken along the segnent bowundaries. This is of imporiande

in considering the economic potential of the crocass,



A boron mica block 8.5" in diameter and 11" leng was also hot press-
od in a similar fashion, as well as a block 12" in diamster and 7' long. Even
though these large pleces were oooled for a long time (up to 35 hours in the
de) sufficient thermal shock took place to cause severe spalling and cracke
ing. Conssquently, although equipment is available to produce 12" diameter
pleces, pressings of this size should be limited to pieces no greater than
L™ thizk. For the present, 6" lang pieces no greater than L~1/2" in diameter
wlll serve as stock blocks for the evaluation program until more information
as to .hae largest mm.mmn dimension which can be achleved, to prevent spall-

ing due to hermal shock, 18 sstablishad,

D. Evaluation
During the last quarter sSamples were distributed to 21 nanufacturers
and governuent agencies for evaluation of a number of applications. The
potential uses included the following:
l. Electrical and heat insulation.
2o Abrasive and abrasive wheel binder.
3. Fller in electrical plasties,
e GCorrosion resistant material at high temperatures.
Ss Spacers for vacuum tubes.
6o Stainless steel cermet.
7. Printed circult base.
8. Applicability as a block-talc substitute.
9. High temperature dielectric.
10. Dielectric wnder high temperature steam.
11. Refractory wnder thermal shock conditions.
In addition to these tests, a quantity of hot-precsed material vms
shipped to the Naval Research laboratory In a co-operctive eflcrt o deiroraing

the applicability of normal flucr-nhlororite
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as tube spacer material which 3¢
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now congidered the major ovjective of this programe This application waal
studled and a rcsport' vas mads by Mro. T. [. Hanley of the laval Hesearch
laboratory. 1iis major conclusions vers as follows:

1. Hot pressed synthetic fluor-phlogopite presssd to 2.73 g/cc
was vacum tight maintaining a constant pressure of 2.2x10"° mm, Hg after
baking at 390°C. and 5Sx10”7 mm. after air baking at 800°C.

2. The material was machinable to 10 mil discs with an ordin-
ury high speed cutoff tool and could be ground to 2.5 mils., Houwever, attempts
to punch holes in samples of 10 and 30 mils thickness were unsu:cessaful en
the intial attempt.

3, Symthetic fluor-phlogopite cculd be brazed at 320°C. in
vaewnm with titanium core solder to copper to form a vacuun tight jolnt.
Better wetting of the mica was obtained vhen titanium hydride vas used in
addition to the brazing materinl,

L. ‘Ite material hed less than .0002" in 1.1/2" diame oz
shrinkage when fired for one hour at 1100°.

S5, A dielectric constant of 5. 72 was deterimined at 2375 e
with a 1088 tangent less than 0.005 (tests at Brush Beryllium to. on thin
material gave a 1653 tanpent of 0,001l at 1 me).

6o The final conclusion of this report was that "synthstic
fluor-phlogopite has good vacuvuam properties, i3 readily machinable ts esnet

size, 13 brazable and of low loss",

B, Plans for Futwre Work

During the next quarter, the following project aime will La con.

sidered:
1, Examine tne effect <f bLlending, eflect of zurase {luori-e
and time and temperature of resistance on the electrical prupepriics of &

thetic Tluor-phlogeplte after heot preczing.

s
o 2 Henley, “Synthetic tden for Vacumn Tudbe (8e”, Presertsd o ‘b
Toohrlonen Confereage, W,.¥., ¥.¥ Ovtobew 0, 1952



2. The production of a quantity of L=1/2" x 10" stock blocks
for continued evaluation of hot pressed mica.

3. Additional samples will be furnisred to the Naval Research
Iaboratory for evaluation of the use of synthetic fluor-phlogepite as tube

epacer matarial.
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